Protease inhibitors restore radiation-induced apoptosis to Bcl-2-expressing lymphoma cells.
The proteasome pathway is important for the turnover of many regulatory proteins. This pathway has recently become a target for antitumor agents and several research groups have demonstrated that inhibitors with specificities for the proteasome are potent apoptosis-inducing agents. Many mechanisms by which proteasome inhibitors exert their effects have been suggested, including inhibition of NF-kappa B activity and stabilization of the p53 tumor suppressor protein. We investigated the ability of inhibitors with specificities for the proteasome and for another protein degradation enzyme, calpain, to sensitize a murine B-cell lymphoma with constitutive NF-kappa B1 homodimer activity and high expression of Bcl-2 protein to radiation-induced apoptosis. Protease inhibitors tested were calpain inhibitor I, calpain inhibitor II, calpeptin, MG132, and Lactacystin. All five inhibitors induced apoptosis and sensitized cells to radiation despite the maintenance of Bcl-2 protein levels throughout the course of treatment. An electrophoretic migration shift assay for NF-kappa B1 activity provided evidence that reversal of NF-kappa B activity was not required for induction of cell death; however, p53 levels were elevated for all inhibitors tested. HL-60 cells, devoid of p53, could not be sensitized to radiation by MG132 treatment, suggesting that p53 was important for cell death induced by combined treatment with protease inhibitors and radiation. We concluded that protease inhibitors are capable of overcoming the protective effects of Bcl-2 to induce apoptosis and suggest that protease inhibitor treatment, when combined with ionizing radiation, leads to p53-mediated apoptosis.